Background: The existence of residual aneurysm after intracranial aneurysm clipping bears the risk of re-bleeding, which worsens with the passage of time. Digital subtraction angiography (DSA) is accepted as the gold standard for evaluation of residual aneurysm, but it is invasive, costly, and serious complications are possible. Objectives: The aim of this study was to compare DSA to 64-slice CT angiography for assessing residual aneurysm. Patients and Methods: Forty patients with 43 clipped aneurysms from which 36 were torn, were evaluated by DSA after improvement in clinical status, and after a month they were evaluated by 64-slice CT angiography. The pictures were assessed by two neuroradiologists separately, in terms of quality, artifact due to the clips, and the completion of aneurysm closing. Results: In multislice computed tomographic angiography (MSCT) analysis, 36 pictures (90%) had good quality and four pictures (10%) had poor quality. In case of good quality pictures in MSCT and angiography, the 2-and 3-millimeter residual aneurysms were approved for two patients based on which, sensitivity, feature and positive/negative predictive value for diagnosis of residual aneurysm was 100 for good-quality pictures by MSCT. The level of agreement between the two neuroradiologists was 1 for diagnosing residual aneurysm and 0.86 for vasospasm. The average time for doing MSCT was 12 minutes compared to 45 minutes for DSA angiography, which was cost effective. Conclusion: CT angiography is a less invasive method with high sensitivity and capabilities for diagnosing residual aneurysm. It is cheaper, quicker and can be accomplished for critical patients. Therefore, it can be taken as the first choice and a replacement for DSA in post-surgery evaluation of patients with clipped brain aneurysm.
Background
Intracranial aneurysm is a very important cause of non-traumatic subarachnoid hemorrhage (SAH) with a mortality rate of 40 to 60 percent (1) . After aneurysmal SAH the quick intervention is necessary due to the mortality rate of re-rupture in 32 to 67% of cases. More than one third of the survivors of an aneurysm rupture had neurological deficits and 10 -20% required long-term care (2) . Approximately 10% of cases in which morbidity and mortality occur after SAH from a ruptured intracranial aneurysm result from surgical complications such as major vessel occlusion and re-bleeding (3, 4) .
Clipping the adjacent vessels is a short-term complication in these patients, while incomplete clipping of an aneurysm and additional aneurysms are long-term risk factors (5) . Incomplete aneurysm clipping leads to re-bleeding with fatal complications (6, 7) . Residual aneurysm rate varied from 5.7% to 18% in previous articles (8) . Previously it seemed that small neck remnants were not important, but it has been shown that these small neck remnants grow again and become dangerous in long term (7) .
Many patients die from primary bleeding or next bleedings. Proper treatment can reduce the re-bleeding risk. Therefore, finding a way to evaluate and find the aneurysm is necessary for endovascular or surgical intervention (1).
reason it is not used in many centers as routine (4) . In a study, up to 90% of patients chose not to follow up when conventional angiography was used as the follow-up procedure (10) . As conventional angiography can be unpleasant for patients, a less invasive procedure such as CT may lead to increased patient compliance with follow-up (2). DSA is invasive, time consuming and costly, but CT angiography is non-invasive and requires less contrast and low radiation dose (11, 12) .
Due to technological advances, in many centers, magnetic resonance angiography (MRA) and 3-dimensional (3-D) CT angiography are replaced by DSA for pre-operative assessments of the brain aneurysm (6) . Computed tomography angiography (CTA) is a good candidate to replace DSA in the acute postoperative setting to evaluate the success of surgery. It is also easy and less costly (1, 5) .
Although the risk for clipped aneurysm recurrence is low, there is imaging evidence of aneurysm recurrence with SAH even after successful surgical treatment. These data support the use of routine periodic imaging after successful surgical clipping (13) . Having the aneurysm shape, size and adjacent blood vessels before surgery is essential for successful surgery. The incidence of aneurysms remnant has been reported as 3.8% -8% in previous studies (3) .
The major limitation of CT angiography is artifacts of used clips as well as the neck of the aneurysm may be hidden by the clip artifact (2) . In some centers 4-slice CT angiography has been used to evaluate aneurysm recurrence after surgery, but the sensitivity and accuracy of 4-slice CT angiography to find the aneurysm remainder is limited. Recently, implementation of 16-slice CT angiography has led to considerable progress in the field of CTA. 16-slice CT angiography improved the quality of three-dimensional reconstructions and reduced times (4).
Objectives
Compared to CT angiography, DSA is time consuming, costly and also has complications, the aim of this study was to evaluate the diagnostic value of 64-slice CT angiography than DSA in brain aneurysms after clipping.
Patients and Methods
This diagnostic clinical trial study was conducted on 40 patients with brain aneurysm and SAH referred to Imam Hossein Hospital, Tehran, Iran from 2013 to 2014 who underwent brain aneurysm clipping. Patients were enrolled after obtaining written consent.
Yasargil titanium aneurysm clips; Aesculap AG, Tuttlingen and Germany clips were used for patients. After improving the general condition of the patient, DSA was performed for patients with Artis zee biplane system; Siemens Medical Systems Forchheim, Germany.
Within a month after surgery, CT angiography with 64-row multiple detector computed tomography (MDCT) system (Lightspeed; GE Medical Systems, Milwaukee, WI, USA) was done for patients. The results were evaluated as blind by two neuro-radiologists with 12 years of experience. Images were reconstructed by Imam Khomeini hospital neuro-radiologists and were reviewed and interpreted separately.
Written consent was obtained from all patients and data were recorded in checklists confidentially. CT scan settings to perform CT angiography were as follows: 120kvp/250 mA; section thickness, 0.625 mm; 0.5 rotation per second.
Data were collected from patient's medical records and interviews and were recorded in questionnaires.
Data were analyzed using SPSS Released 2009. PASW Statistics for Windows, Version 18.0. Chicago.USA. Descriptive statistics, chi-square test, Fisher exact test were used. As well as sensitivity and specificity, positive predictive value and negative predictive value were calculated.
Results
In this study, 40 patients and 43 brain aneurysms were studied. Twenty-one (52.5%) patients were men and 19 (47.5%) were women. The mean age of patients was 48.35 ± 15 years with the range of 14 to 75 years. The mean aneurysm size was 6.3 ± 2.1 mm and the number of hospitalization days was 21 ± 9 days (Table 1) . In terms of symptoms in CT, 36 cases (90%) had SAH, nine cases had hydrocephalia, three cases had intracerebral hemorrhage (ICH), and two cases had intraventricular hemorrhage (IVH) ( clips. The average level of GCS on admission was 13.6 ± 2.4 which reached to 14.85 ± 0.01 in discharge (P = 0.001).
In terms of location of aneurysms; 15 were in anterior communicating artery (ACOA), 21 in middle cerebral artery (MCA), of which 12 were on the right side, three were on the left side, and three were bilateral. Also six aneurysms were in posterior communicating artery (PCOM) which 5 were in left side and 1 was in right side and there was one aneurysm in the left carotid.
The results of DSA and CTA detecting residual brain aneurysm are compared in Table 4 .
Intra-observer error for vasospasm between the two observers was 0.08. But there was no difference between them in the detection of residual aneurysm.
Total of 36 good quality images in which 38 aneurysm were seen took under final review and 4 images were eliminated due to the bad quality and artifacts intensity ( Figure  1) .
From two cases of aneurysm remaining, a case in the right MCA with 2 mm size and one case in left PCOM with 3 mm size were seen which was confirmed by CT Angiography (Figures 2-4) . Sensitivity = 2/(0+2)=1 Specificity = 36/(0+36)=1 Positive predictive value = 2/(0+2)=1 Negative predictive value = 36/(0+36)=1
Discussion
Use of a noninvasive assessment method to control the status of cerebral aneurysms after surgery is one of the goals of medical centers. From the beginning of modern imaging techniques, attempts have been made to find an alternative for DSA. Efforts are being made to replace it with non-invasive methods.
In the present study, the mean number of days from the onset of symptoms to hospital admission was 6.5 ± 14.6
days with the range of 1 -86 days. Most patients were admitted in the early days and a number of cases were referred to the center from other provinces. The reason for delay was the referral process and in some cases waiting for the patients to become stable. Our effort was to perform brain CT angiography for patients during a month after surgery that lasted for an average of 9.5 ± 4.5 days. The reason for prolongation in some cases was adverse conditions of the patients and also the patients' prolonged stay in ICU or ward. In this study, the mean age of patients was 48.3 years, but in similar studies, the mean age of patients was estimated as 49 -55 years which was higher than our study (1, 3, 6, 11, 14) . In our study, the mean size of aneurysms was 6.3 ± 2.1 mm. The mean size of aneurysms in a study performed by Luo et al. was 6.4 mm (15) and in a study performed by Chen et al. was 5.5 mm (4), both of which were less than our study.
In 30% of CT angiography images, there was no artifact, but in a study conducted by Golitz et al., 70% of CT angiog- raphy images had no artifact (16) . The reason for the difference may be related to the type of CT angiography because Gullitz et al. used dual CT angiography to detect the aneurysms (16).
According to both neuroradiologists, the image quality was good in 36 patients (90%), and poor in four cases (10%). In Zhang et al. study the image quality was good in 92% and poor in 8% (12) . By increasing the number of CT angiography detectors, thinner and sharper images were achieved and also clip artifacts were minimized (6).
To enhance the diagnostic value of CT angiography in cases in which image quality is poor and there is an abundance of artifacts in the environment, DSA could be performed. In the studies carried out by Zachenhofer and Westerlaan, in cases where CT angiography images did not have sufficient resolution, DSA was performed for patients in the later stages (5, 17) .
In the present study, sensitivity, specificity, positive and negative predictive value of CT angiography in the diagnosis of residual aneurysm was 100%. In a study conducted by Luo et al., sensitivity, specificity, positive and negative predictive value of CT angiography in the diagnosis of residual aneurysm was 100% too (15) , but in a study performed by Zhang et al., sensitivity, specificity, positive predictive value and negative predictive value were 97%, 100%, 100%, and 97.1 %, respectively (12). Dehdashti et al. reported CT angiograIran J Radiol. 2018; 15(1):e15843. 5 phy sensitivity and specificity as 100 % (18) . In a meta analysis by Guo et al., a sensitivity of 97% and specificity of 91% was found for 64-slice CT angiography (19) . The sensitivity, specificity and accuracy of CT angiography were 95.1%, 94.1%, and 95%, respectively in Donmez et al. study (14) . Chen et al. reported the sensitivity, specificity and accuracy of CT angiography as 98.3%, 98% and 97.9%, respectively (1). In a study performed by Teksam, accuracy, sensitivity, and specificity of detecting residual or recurrent aneurysms on MSCTA were 0.80, 0.60, and 1.00, respectively also positive and negative predictive values were 1.00 and 0.71, respectively (6) . The sensitivity, specificity, accuracy, positive predictive value and negative predictive value for CT angiography was achieved as 99, 99, 90, 96, and 98 by Westerlaan et al. (17) . Uysal et al. reported the sensitivity and specificity of CT angiography in detecting aneurysm as 98.6 and 97.6, respectively (9) .
In all previous mentioned studies, the sensitivity and specificity were high and were largely consistent with our study. The differences may relate to the type of device, image quality and neuroradiologists.
Image quality in DSA is better than CT angiography and MRA, but its complications caused long-term problems and hospitalization. Satisfying the patients for angiography is very difficult and in some cases up to 90 percent of the patients avoid angiography in the three-year follow-up.
In relation to the cost of diagnostic methods, now the cost of CT angiography in the public sector is about 3 million Iranian Rials (100 US $) and DSA is about 15 million Iranian Rials (500 US $). Although CT angiography is less invasive, its cost in Iran is one-fifth the cost of DSA. In addition, the time of performing 64-slice CT angiography is about 12 minutes, while DSA takes about 45 minutes. High cost of DSA angiography and also CT angiography were limitations of our study. Consequently, we conducted the study with fewer samples. Further studies with larger samples are suggested.
Regarding that CT angiography is a less invasive method with high sensitivity and capabilities for diagnosing residual aneurysm and considering it is cheaper, quicker and can be accomplished for critical patients, it can be taken as the first choice and a replacement for DSA in post-surgery evaluation of patients with clipped brain aneurysm. The diagnostic value of DSA angiography for the diagnosis of brain aneurysm instead of CT angiography has been noted and mentioned in previous studies, but it was under question after the surgery due to clip artifacts. Therefore, based on the results of the present study it can be concluded that in the case of good quality CT angiography images, they can be low-risk alternative to DSA angiography in the diagnosis of residual aneurysm.
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